Introduction 1
Ozone variations over recent decades exhibit not only a strong decreasing trend, 2 forced by changes in ozone-depleting substances superimposed on a changing climate, 
Data, Model, and Methods

12
The ozone data used in this study is obtained from the NASA Modern Era second-order moments (Prather, 1986) . Figure 1 shows the ozone variations over the with those from SLIMCAT (Fig. 1a) , and the difference between the two kinds of 12 ozone data is small (Fig. 1b) .
13
SST data is obtained from HadISST dataset compiled by the UK Met Office
14
Hadley Centre for Climate Prediction and Research (Rayner et al., 2003) .
15
Geopotential height, zonal wind, and temperature data are obtained from the ECMWF
16
ERA-Interim dataset.
17
We also use version 4 of the Whole Atmosphere Community Climate Model
18
(WACCM4) in this study since WACCM has been shown to simulate well the 19 stratospheric circulation, temperature and ozone variations (Garcia et al. 2007 ).
20
WACCM4 is part of the Community Earth System Model (CESM) framework is determined using the following approximation (Li et al. 2012):
where N is the sample size, and ρ XX and ρ YY are the autocorrelations of two sampled 9 time series, X and Y, respectively, at time lag j. 10 We use the formulae given by Andrews et al. (1987) to calculate the 11 quasi-geostrophic 2D Eliassen-Palm (E-P) flux. The meridional ( ) and vertical ( )
12
components of the E-P flux, and the E-P flux divergence D F , are expressed as:
where is the air density, is the radius of the Earth, is the gas constant, 17 is the Coriolis parameter, H is the atmospheric scale height (7 km), and are
18
the zonal and meridional wind components, respectively, and is the temperature;
19
the overbar denotes the zonal mean, and the prime symbol denotes departures from 20 the zonal mean. SST are seen in both datasets. 14 Through the interannual connection in Fig. 2 Table 1 ).
1
The ST_MSEA index and southern high latitude lower stratospheric ozone 2 variations show a significant simultaneous correlation (Fig. 4) . This implies that SST It is well known that the SST changes in the eastern Pacific, the Indo-Pacific Asia with one moving westwards to South America and reflecting to the middle to 21 high latitudes of the Southern Hemisphere, and the second reflecting directly into the
22
Southern Hemisphere (Fig. 6b ). In autumn, the first path is very distinct (Fig. 6c) , i.e., pathways, respectively. In spring and winter, the above two teleconnection patterns 4 don't exist ( Fig. 6a and d ). Seas.
24
It is noteworthy that warm (cold) SST anomalies are generally thought to southern high latitude lower stratospheric ozone 10 We performed three time-slice simulations with WACCM4 to validate the mechanism (as in Fig. 3c ). Detailed descriptions of experiments S1-S3 are provided in Table 2 . southern high latitude lower stratosphere (Fig. 8a) and cold SST anomalies results in 1 ozone increase (Fig. 8b) . The simulations support the results shown from the 2 statistical analysis in Section 3.
3 Figure 9 shows the E-P flux vectors and divergence anomalies in the latitude lower stratospheric ozone levels.
6
As a result of human activity, the amount of Antarctic stratospheric ozone has 7 decreased remarkably over recent decades (Solomon 1990 (Solomon , 1999 ; Ravishankara et al., Asia had only a seasonal cycle, but no trend and no interannual variability. T3 was the 7 same as T2, but used a slightly different initial condition as an ensemble experiment.
8
Detailed descriptions of runs T1-T3 are provided in Table 3 . Asia (Fig. 13d) does have a significant effect on southern high latitude lower 18 stratospheric ozone over the past five decades (Fig. 13c) . The correlation coefficient . 3a) is -1.2 × e -3 ppmv/month,
22
and from (T1 -(T2+T3)/2) (Trend2, Fig. 3c ) is -0.204 × e -3 ppmv/month. See Table 4 . 
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Plummer, D., Rozanov, E., Shepherd, T. G., Shibata, K., Stenke, A., Struthers, H., and Tian, 26 Calvo, N., Garcia, R., Garcia Herrera, R., Gallego, D., Gimeno, L., Herná ndez, E., and Ribera P. Table 1 . Warm and cold SST events in the marginal seas of East Asia from 1979 to 2015 analyzed 1 in this paper using the ST_MSEA index (Fig. 3a) . 
S2
Same as S1, except that the SST in the marginal seas of East Asia (5°S-35°N and 100-140°E) adds warm SST anomalies (as Fig. 3b ).
S3
Same as S1, except that the SST in the marginal seas of East Asia (5°S-35°N and 100-140°E) adds cold SST anomalies (as Fig. 3c ). SST anomalies, respectively, for the events listed in Table 1 . 
